Materials and Methods
Nine cases of malignant lymphoma in female Holstein-Friesian cattle were examined by biopsy and subsequent necropsy. Biopsies were from enlarged external lymph nodes; at necropsy portions of various lymph nodes and tumorous masses were collected as soon as possible after the animals were killed.
A portion of each lymph node or tumor was fixed in 10% neutral formalin or Zenker-formalin, Histological sections were stained with hematoxylin and eosin, Wolbach's modification of Giemsa's stain, and Wilder's reticulum stain. For electron microscopy, small portions of each tissue collected were fixed for 2 hours in chilled 1% osmium tetraoxide containing 0.057 g sucrose per ml and buffered with a sodium diethylbarbiturate and sodium acetate mixture at pH 7.4. After dehydration through a graded ethanol series, the specimens were embedded in a plastic mixture as described by MOLLENHAUER20 and sections cut with glass knives. Thick sections of approximately 1 to 2 Il-were stained with toluidine blue for orientation by light microscopy. Thin sections were mounted on uncoated grids, stained successively with uranyl acetate and lead citrate, and examined by electron microscopy.
Results

Light Microscopy
Tumors were classified as lymphoid or reticulum, according to the predominant cell type, or as lymphoreticular, indicating a mixture of cells with neither type predominating ( Table 1) .
The lymphoid cell type ( Fig. 1 ) was either lymphoblastic (immature or poorly differentiated) or lymphocytic (mature or well- In the reticulum cell type (Fig. 2 ) the large tumor cells had an abundant pale amphophilic cytoplasm with a poorly defined outline. The large pale vesicular nucleus was round or ovoid, sometimes irregularly indented, with irregularly distributed chromatin and a prominent nucleolus. Variability in size and shape was characteristic. It was sometimes difficult to differentiate between a reticulum cell and an immature lymphoid cell. Reticular fibers, as demonstrated by silver stains, were sparse and irregularly distributed in the reticulum cell tumors. Neoplastic reticulum cells were sometimes arranged in syncytial sheets. In addition to the neoplastic cells there were macrophages and a small number of lymphocytes, plasma cells, and granulocytes. Multinucleated giant cells occurred occasionally in tumors of both the reticulum and lymphoid cell types.
Electron Microscopy
Tumor cells of the lymphocytic type ( Fig. 3a) were smaller than those of the lymphoblastic type and had a round, occasionally indented nucleus with a poorly defined small nucleolus and small scattered areas of condensed chromatin, usually at the nuclear envelope. The cyto- plasm contained relatively few mitochondria, vesicles of smoothsurfaced endoplasmic reticulum, or cisternae of rough-surfaced endoplasmic reticulum. Tumor cells of the lymphoblastic type (Figs. 3a and 4) had abundant cytoplasm and a large nucleus with distinct margination of chromatin and an extremely large nucleolus. In some of the cells rounded nuclear bodies occurred in the interchromatin area (Fig. 3a) . They consisted of finely granular and fibrillar material concentrically arranged. A few long threads of rough-surfaced endoplasmic reticulum were scattered in the cytoplasm. The Golgi apparatus was prominent (Fig. 4) . Some cells contained relatively numerous vesicles of smoothsurfaced endoplasmic reticulum. Ribosomes were plentiful. The more immature lymphoid tumor cells had uniformly distributed polyribosomes in the cytoplasm and resembled the hemocytoblast.
Reticulum tumor cells were extremely variable in size and structure, most were immature or undifferentiated. Distinction between immature or undifferentiated lymphoid and reticulum tumor cells was sometimes very difficult. Reticulum tumor cells (Fig. 5, 6 , 7, 8, 9, 10) had an irregular shape with cytoplasmic projections extending between other cells. The nuclear margin was usually irregular with numerous indentations. Sometimes projections of the nuclear envelope enclosed masses of cytoplasm, giving the appearance of a nuclear inclusion (Fig. 5, 10 ). Such inclusions were frequent in both lymphoid and reticulum tumor cells. Nuclear bodies sometimes occurred in immature or undifferentiated reticulum tumor cells (Fig. 3b ). There was a tendency toward enlargement of the interchromatin space and condensation of chromatin at the nuclear envelope. There was less endoplasmic reticulum in the immature than in the more mature reticulum tumor cells. Cisternae of rough-surfaced endoplasmic reticulum were usually The same lymph node of Fig. 7 . X 15,000. Fig. 7 . A reticulum tumor cell with an irregular nuclear contour and a prominent nucleus (Nl). Mitochondria are grouped near the nucleus. There is a welldeveloped Golgi apparatus (G). Clusters of ribosomes, long threads of rough-surfaced endoplasmic reticulum, and a few vesicles of smoothsurfaced endoplasmic reticulum can be seen in the cytoplasm. Pre scapular lymph node from case 3084. x 9,000.
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Fu J IYlOTO/MILLER/OL SON flattened though occasionally dilated. Scattered vesicles of smoothsurfaced endoplasmic reticulum were relatively more frequent in reticulum tumor cells than in lymphoid tumor cells. The Golgi apparatus was usually well developed (Fig. 6, 7) . Multivesicular bodies and membrane-bound electron-opaque bodies (lysosome-like vesicles) were frequent in the cytoplasm (Fig. 6, 7, 9 ). Free ribosomes were numerous, especially in the immature or undifferentiated cell types (Fig. 5 ). Some reticulum cells had intracytoplasmic filaments (Fig. 8) .
Occasional microfibrils and collagen fibers (Fig. 5, 6 , 8) were mixed with a somewhat filamentous material in the extracellular spaces which corresponded in location and distribution with silver-staining fibers. Non-neoplastic macrophages were occasionally found (Fig. 11 ). The cytoplasm contained fewer free ribosomes than reticulum tumor cells and numerous vesicles of smooth-surfaced endoplasmic reticulum. The Golgi apparatus was well developed. Phagocytic vesicles were variable in shape and size, and contained various kinds of cellular debris. Sometimes such a vesicle contained an entire degenerated cell.
Degenerative changes were frequent in both lymphoid and reticulum tumor cells which were usually pale from loss of cytoplasmic organelles and ribosomes. Sometimes they appeared dark due to the increase of lipid bodies, opaque lysosome-like vesicles, and increased cytoplasmic density. Degenerative changes of the nucleus such as aggregation of chromatin and enlargement of the interchromatin spaces also occurred.
Discussion
A commonly used cytological classification of malignant lymphomas of man distinguishes between the lymphocytic, the histiocytic (clasmatocytic), and the stem-cell typestv, A similar cytological classification has been used for lymphoid tumors of cattle, dogs, and cats 26 , 28. Another classification of bovine lymphosarcoma is based on clinical There are numerous extracellular microfibrils (mf) and collagen fibers (Co). In 1 area there is an accumulation of microfibrils (arrow) arranged perpendicularly to the cell surface as if the tumor cell were producing these fibrils. Cervical lymph node from case 3084. X 15,000. Fig. 9 . A bundle of collagen fibers (Co) are surrounded by reticulum tumor cells.
One nucleus is invaginated (arrow) by cytoplasm. Free ribosomes are numerous and tend to be clumped. A degenerative multivesicular body (Mv) is in 1 cell. From mediastinal lymph node of case 3091. X 9,000.
aspects and recognizes calf, adolescent thymic, and adult forms 32 and a cutaneous form-. In this study bovine lymphosarcomas were placed in 3 general categories: a lymphoid cell type, a reticulum cell type, or a lymphoreticular (mixed) cell type, based primarily on light microscopy of tissue sections. The lymphoid tumor cells were lymphoblastic or lymphocytic in character. Tumors of reticulum cell type were composed of neoplastic lymphoreticular tissue and included the histiocytic and stem cell types of GALL and MALLORy10 and others 26,28. Although usually both cell types were involved in a given case of bovine lymphosarcoma, in most instances either lymphoid cells or reticulum cells predominated in the neoplastic process.
While no qualitative difference in fine structure has been established between normal and malignant tumor cells, subtle quantitative differences have been described by BERNHARD1 and other workers-". 39. An enlarged polymorphic nucleus, enlarged Golgi complex, an increase of free ribosomes, and an increase or dilatation of vesicles of smooth-surfaced endoplasmic reticulum indicate very active metabolism in a cell. In bovine lymphosarcoma such quantitative changes were most evident in immature or undifferentiated lymphoid and reticulum tumor cells.
Lymphoid tumor cells had a somewhat round, even contour and contained few cytoplasmic organelles. They were similar to normal lymphoid cells of other speciesz-19, 21. BERNHARD and LEPLUS 2 believed that a cell with many organelles and inclusions or deposits of various kinds in its cytoplasm did not belong to the lymphoid series.
Reticulum tumor cells were characterized by irregularity of nuclear and cytoplasmic membranes, large interchromatin spaces, frequent cytoplasmic inclusions (multivesicular bodies and lysosomal vesicles), occasional intracytoplasmic filaments, and more vesicles of smooth-surfaced endoplasmic reticulum than in lymphoid tumor cells. Microfibrils and collagen fibers were frequent in extracellular spaces. Even though there were some differences by light and electron microscopy between reticulum and lymphoid cell tumors, they should not be regarded as distinct types but rather as variants of 1 kind of tumor due to the degree of differentiation.
The nuclear polymorphism especially prominent in immature or undifferentiated reticulum and lymphoid tumor cells may have caused the formation of the nuclear inclusion-like masses of cytoplasm. KNOCKE12 described pseudonuclear inclusions (,Pseudoeinschlusse') of cytoplasm in lymphoid cells of peripheral blood from 18 cases of bovine lymphosarcoma. Comparable nuclear alterations have been observed in bovine lymphosarcoma, particularly in rapidly growing tumors's', and in lymphoid cells of hyperplastic lymph nodes from 2 calves inoculated in attempts at transmission of bovine lymphosarcomaw, Additional studies of these nuclear structures, which may occasionally be found in apparently normal cattle, are underway and will be the subject of a separate report.
Nuclear bodies 37,38 were occasionally observed in the interchromatin spaces of tumor cells of both the lymphoid and reticulum types. Nuclear bodies have been described in cells of a variety of normal and abnormal lymph nodes--13, 16, 29 . Their exact function is unknown.
Virus-like particles have been described and illustrated in tumor cells from cases of bovine Iymphosarcoma-". 22, 27, 34 and in lymph nodes of calves inoculated in transmission trials with tumor tissue-s. Virus-like particles were not observed in the present study although intracytoplasmic polymorphous dense bodies were frequent, especially in tumor cells of the reticulum type. A variety of cytoplasmic inclusions (cytosomes, cytosegresomes, microbodies, multivesicular bodies) and degenerative modifications of these inclusions have been described''-33. Lysosome-like vesicles (cytosomes) and multivesicular bodies with comparable degenerative changes occurred frequently in cells of bovine lymphosarcoma in this study.
Summar}
Nine cases of bovine lymphosarcoma were classified by light microscopy as lymphoid or reticulum according to the predominant cell type, or as lymphoreticular when there was a heterogeneous mixture of lymphoid and reticulum tumor cells. Typical ultrastructural features of these cells were as follows. Lymphoid tumor cells had smoothly contoured nuclear and cytoplasmic membranes and few cytoplasmic organelles. Reticulum tumor cells had large interchromatin spaces and irregular nuclear and cytoplasmic outlines. They often had multivesicular bodies, lysosomal vesicles, and much smooth-surfaced endoplasmic reticulum in the cytoplasm and were frequently surrounded by extracellular microfibrils and collagen fibers. Nuclear inclusion-like masses of cytoplasm were common in both types of tumor cells. No structure was observed which could be recognized as virus.
Zusammenfassung
Neun Fdlle von boviner Lymphosarkomatose wurden lichtmikroskopisch als lymphoid oder retikular entsprechend dern vorherrschenden Zelltyp oder als lymphoretikular, sofern lymphoide und retikulare Tumorzellen gemischt vorlagen, klassifiziert. Typische ultrastrukturelle Merkrnale dieser Zellen werden wie folgt beschrieben: Lymphoide 'I'umorzellcn besassen glatt-konturierte Kern-und Cytoplasmamembranen und wenige cytoplasmatische Organellen, Retikulare 1'umorzellen wiesen grosse interchromatische Zwischenraume und unregelmassige Kern-und Cytoplasmaumrisse auf. Sie zeigten oft multivesikulare Korper, lysosomale Blaschen und viel glatt endoplasmatisches Retikulum. Haufig waren sie von extrazellularen Mikrofibrillen und Kollagenfasern umgeben. Bei beiden Tumorzelltypen karnen einschlussahnliche Kernmassen von Cytoplasma vor. Strukturen, die als Virus gedeutet werden konnten, konnten nicht beobachtet werden.
